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Description
TECHNICAL FIELD

[0001] This disclosure relates generally to implantable medical devices, and more particularly, systems and methods
for managing noise in sensed signals in implantable medical devices, amongst other things.

BACKGROUND OF THE INVENTION

[0002] Implantable medical devices (IMDs) are commonly used to provide treatment to patients. Implantable medical
devices can include cardiac rhythm management devices and neurological stimulation devices, amongst others. Some
types of implantable medical devices deliver electrical stimuli to a target tissue via a lead wire ("stimulation lead") or
catheter having one or more electrodes disposed in or about the target tissue.

[0003] In many scenarios, implantable medical devices are configured to sense electrical activity in vivo. By way of
example, cardiac rhythm management devices frequently sense electrical activity of cardiac tissue in order to gather
information about cardiac rhythm and the effect of therapeutic electrical stimulation.

[0004] Some implantable medical devices include features directed to automating the process of setting device pa-
rameters. By way of example, some implantable medical devices include what is known as an automatic threshold
measurement test. This test automatically determines the minimum amplitude of electrical stimulation needed to cause
a given chamber of the heart to contract. At a high level, this test involves stimulating at successively lower amplitudes
and monitoring for contraction (an evoked response) until the amplitude becomes so low that contraction is no longer
achieved in response to the stimulation. However, noise can limit the accuracy of such testing.

[0005] US 6041250 describes an adaptive line noise detection and cancellation system having a baseline wander
filter, high and low pass filters, an adaptive line noise canceler and various noise detectors to identify, signal and remove
contamination from an ECG signal wherein the ECG signal is conditioned to remove various portions of the ECG signal
prior to processing in various noise detectors while minimizing the signal conditioning effect of the filters on the ECG
signal and while further providing the operator with the ability to manually or automatically activate the filters and to
indicate the status of the filters on a printout or display. US 2007/219453 describes systems and techniques relating to
locating cardiac wave forms in a cardiac signal, and to detecting a physiological condition, such as ventricular fibrillation.
A method includes obtaining a sensed cardiac signal of an organism, the sensed cardiac signal comprising a time series
x(t); applying a Hilbert (H) transform to the time series x(t) to obtain H(x(t)), wherein x(t) and H(x(t)) together forming a
partial state space trajectory; determining a speed of trajectory, for the sensed cardiac signal, from the partial state
space trajectory; and identifying physiological information concerning the organism based on a combination of first and
second signal elements, the first signal element including a phase property or an amplitude property of the speed of
trajectory, and the second signal element including an amplitude property of the partial state space trajectory.

[0006] US 2006/085038 shows a method for processing heart signals comprising the gathering step, the filtering step,
the noise estimating step, and the step of adjusting a pace artifact threshold defined in claim 1.

SUMMARY OF THE INVENTION

[0007] The invention provides a method for processing electrical signals according to claim 1 and a medical device
according to claim 8. The present disclosure describes managing noise in sensed signals in implantable medical devices,
amongst other things. In an embodiment the disclosure includes a method for processing electrical signals obtained
from a patient. The method can include gathering a first set of electrical signals within the patient using an implantable
medical device. The method can also include filtering to provide a second set of electrical signals from the first set of
electrical signals, the second set of electrical signals including frequencies above a cutoff frequency. The method can
also include estimating the amount of noise present in the first set of electrical signals based on the magnitude of the
second set of electrical signals.

[0008] Also described is a medical device including a processor circuit and a memory circuit operatively connected to
the processor circuit. The medical device can be configured to gather a first set of electrical signals from a patient. The
medical device can further be configured to filter the first set of electrical signals to provide a second set of electrical
signals, the second set of electrical signals including frequencies above a cutoff frequency. The medical device can
further be configured to estimate the amount of noise present in the first set of electrical signals based on the magnitude
of the second set of electrical signals.

[0009] This summary is an overview of some of the teachings of the present application and is not intended to be an
exclusive or exhaustive treatment of the present subject matter. Further details are found in the detailed description and
appended claims. Other aspects will be apparent to persons skilled in the art upon reading and understanding the
following detailed description and viewing the drawings that form a part thereof, each of which is not to be taken in a
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limiting sense. The scope of the present invention is defined by the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The invention may be more completely understood in connection with the following drawings, in which:

FIG. 1 is a graph of continuous noise at 60 Hz.

FIG. 2 is a graph of myopotential noise.

FIG. 3 is a schematic view of an exemplary system consistent with at least one embodiment of the invention.

FIG. 4 is a flow chart consistent with at least one embodiment of the invention.

FIG. 5 is a flow chart consistent with at least one embodiment of the invention.

FIG. 6 is a flow chart consistent with at least one embodiment of the invention.

FIG. 7 is a schematic view of components of an external device in accordance with at least one embodiment herein.
FIG. 8 is a schematic view of components of an implantable medical device in accordance with at least one embod-
iment herein.

[0011] While the invention is susceptible to various modifications and alternative forms, specifics thereof have been
shown by way of example and drawings, and will be described in detail. It should be understood, however, that the
invention is not limited to the particular embodiments described. On the contrary, the intention is to cover modifications,
equivalents, and alternatives falling within the scope of the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Noise in sensed signals can inhibit the accuracy of algorithms used to control various aspects of device func-
tionality. By way of example, noise can adversely impact the accuracy of automatic threshold tests that determine the
minimum amplitude of electrical stimulation needed to cause a given chamber of the heart to contract.

[0013] Noise insensed signals can include various types. One type of noise is continuous noise at a constant frequency.
FIG. 1 is a graph of idealized continuous noise at 60 Hz. In many cases, algorithms may use amplitude thresholds in
order to determine whether or not contraction of a heart chamber has taken place. In some cases, multiple different
thresholds can be used. In this illustration, there are two thresholds in place: a pace artifact threshold 104 and a capture
detection threshold 106. The pace artifact threshold 104 can be used in some algorithms to help distinguish between
loss of capture and fusion beats. Fusion beats are where an intrinsic depolarization of a particular chamber merges with
a pacemaker output pulse within that chamber. The failure to sense an evoked response following a pacing stimulus
may be due either to loss of capture or a fusion beat. In some embodiments of automatic threshold testing, sensed
electrical signals that fail to exceed the pace artifact threshold 104 are identified as loss of capture beats. The capture
(or evoked response) detection threshold 106 can be used in some algorithms to determine if contraction of a heart
chamber has taken place. It will be appreciated that the absolute magnitude of the thresholds may vary in different
implementations. However, regardless of the specific threshold magnitude, it is conceivable that the threshold could be
triggered simply by noise.

[0014] In the illustration of FIG. 1, the noise 102 is shown with an amplitude that at various points exceeds both the
pace artifact threshold 104 and the capture detection threshold 106. Unfortunately, if the noise 102 exceeds the pace
artifact threshold 104, then the system might not be able to accurately distinguish between loss of capture and fusion
beats. Further, if the noise 102 exceeds the capture detection threshold 106, the device could erroneously indicate that
contraction in a chamber of the heart has taken place. In the context of an automatic threshold test, this could lead to
incorrect (higher or lower) pacing thresholds being set by the system.

[0015] Beyond constant noise at a particular frequency, the contraction of muscle in the body also accounts for a
substantial amount of noise. FIG. 2 is a graph of myopotential noise. Similar to as described with respect to FIG. 1, if
the noise 202 exceeds the pace artifact threshold 204, the system cannot accurately distinguish between loss of capture
and fusion beats. If the noise 202 exceeds the capture detection threshold 206, then depending on the particular algorithm
being used, the device could erroneously indicate that contraction in a chamber of the heart has taken place.

[0016] Atrial signals, such as atrial electrogram signals, have relatively low amplitude in comparison with ventricular
signals. As such, atrial capture detection thresholds are typically much closer to the levels of prevailing noise than would
be true for ventricular capture thresholds. Therefore, it will be appreciated that although systems and methods included
herein have broad applicability with respect to managing noise in all types of signals, the need for managing noise is
particularly acute in the context of atrial signals.

[0017] Embodiments of systems and methods included herein can be used to manage noise in sensed signals including
atrial signals. FIG. 3 is a schematic of an exemplary system 300, consistent with at least one embodiment of the invention.
The system 300 can include an implantable medical device 314 disposed within a patient 312. The implantable medical
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device 314 can be of various types such as, for example, a pacemaker, a cardioverter-defibrillator, a cardiac resynchro-
nization device, or the like. One example of an implantable medical device is disclosed in commonly assigned U.S. Pat.
No. 4,562,841. In some embodiments, the implantable medical device 314 can include one or more leads 322 disposed
in or near the patient’s heart 326.

[0018] The implantable medical device 314 can be in communication with an external medical device 316. In some
embodiments, communication between the implantable medical device 314 and the external medical device 316 can
be via inductive communication through a wand 310 held on the outside of the patient 312 near the implantable medical
device 314. However, in other embodiments, communication can be carried out via radiofrequency transmission, acous-
tically, or the like.

[0019] In some embodiments the implantable medical device 314 can include one or more implantable sensors in
order to gather data regarding the patient 312.

[0020] The implantable medical device 314 can be configured to store data over a period of time, and periodically
communicate with the external medical device 316 in order to transmit some or all of the stored data.

[0021] The external medical device 316 can include a video output device, such as a display screen 318 for displaying
video output. In some embodiments, the external medical device 316 can be configured to process the gathered data.
The external medical device 316 can also include a user input device 320, such as keys. The external medical system
316 can be for example, a programmer/recorder/monitor device, a computer, an advanced patient management system
(such as the LATITUDE® Patient Management System), or a personal digital assistant (PDA). Exemplary program-
mer/recorder/monitor devices include the Model 3120 Programmer, available from Boston Scientific Corporation, Natick,
MA.

[0022] Systems herein can be configured to execute methods that manage noise present in signals. FIG. 4 is a flow
chart consistent with at least one embodiment of the invention. In a first operation 402, a system can gather a first set
of signals with an implantable medical device. By way of example, an implantable medical device can sense signals
and store them for processing. The first set of signals can be a series of samples over a particular time period. By way
of example, if the system is trying to assess an atrial evoked response, then the time period can span the atrial evoked
response measurement time window. The samples can be effectively connected together and treated as a continuous
signal for purposes of analysis. Values from a previous detection window can be used for the initial calculations in the
current detection window.

[0023] In asecond operation 404, the system can filter the first set of signals to produce a second set of signals having
a frequency above a cutoff. As such, a subset of the first set of signals can be isolated. This can be done in various
ways. In some embodiments, afilter, such as a high passfilter, can be used to isolate the second set of signals. Exemplary
methods and filters are described in greater detail below.

[0024] In a third operation 406, the system can estimate noise in the first set of signals based on the magnitude of the
second set of signals. In other words, the magnitude of the second set of higher-frequency signals can be used as a
proxy for the total amount of noise present in the first set of signals. If the estimated noise is too high, then the system
can undertake operations to reduce the adverse impact on accuracy that might otherwise happen.

[0025] FIG. 5 is a flow chart consistent with at least one embodiment of the invention. In a first operation 502, noise
counters can be initialized. The noise counters can be useful in order to track noise behavior over a period of time. In
another operation 504, atrial evoked response (AER) samples can be obtained over a particular time window. AER
samples are measurements of electrical activity spanning a window of time when contraction would be expected to occur
following an electrical stimulation pacing pulse. For example, AER samples can be obtained over a time window including
the time immediately following the next delivery of a pacing stimulation pulse from an implantable medical device.
[0026] In another operation 506, the samples (first set of signals), can be passed through a filter in order to isolate out
the portion (second set of signals) representing a frequency above a particular threshold. As described above, a high
pass filter can be used in order to isolate out the second set of signals. In some embodiments, the filter can be a high
pass DSP filter. Exemplary filters that can be used include a Butterworth filter, a Chebyshev filter, a Bessel filter or the
like. In an exemplary embodiment, the filter is a Chebyshev filter. In some embodiments, the filter can be a high pass
Chebyshev filter at 68 Hz.

[0027] In another operation 508, the system can calculate a noise estimate. The noise estimate can be generated by
processing the second set of signals so as to determine an average or rectified average value. This can be done in
various ways. By way of example, in some embodiments, only a specific number of samples around the event of interest
(NumSamples) from later in a detection window are used in order to estimate noise. In other words, one or more of the
first filtered results making up the second set of electrical signals are not considered in estimating the amount of noise
in some embodiments. In some embodiments, zero, one or more of the initial filtered results are not considered in
estimating the amount of noise. This approach can allow for time for the filter to settle. In some embodiments, zero, one
or more of the initial filtered results are weighed less heavily in estimating noise. In some embodiments the rectified
average d(m) can be calculated according to the following formula:
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where CrestFactor and NumSamples are pseudo-constants and y(n) represents the filter results. In a particular embod-
iment, CrestFactor can be set to 4 and NumSamples can be set to 24. In some embodiments values for y(n) can be
limited to 8 times the previous cycle’s noise estimate. In some embodiments, a minimum value can be set for d(m) and
if not met then the value for d(m) can be set to that minimum value. By way of example, the minimum value can be set
to 80 V. However, this specific example of calculating a rectified average is only provided by way of illustration and it
will be appreciated that the scope of embodiments included herein is not limited to this specific technique. In some
embodiments, the rectified average can be further processed. By way of example, in some embodiments the rectified
average can be adjusted based on an attack/delay calculation.

[0028] In another operation 510, the system can evaluate whether or not the noise estimate exceeds a threshold value
for acceptable signal to noise ratio. In some cases, the threshold value for acceptable signal to noise ratio can be preset.
In other cases, the threshold value for acceptable signal to noise ratio can be determined dynamically. Regardless, if
the noise estimate exceeds the acceptable signal to noise ratio, then the system can declare the samples to represent
noise in another operation 512.

[0029] In embodiments wherein the system is assessing whether or not capture of the heart chamber has occurred,
the ratio can be a capture detection threshold (CDT)-to-noise ratio. Thus, if estimated noise is greater than half of the
capture detection threshold, the system will deem the noise to have exceeded the acceptable limit. In some embodiments,
the CDT-to-Noise ratio can be set at 2:1. However, this is only one specific example and it will be appreciated that many
different ratios could be used.

[0030] If the acceptable noise to signal ratio has been exceeded, the system can also increment the noise counter in
another operation 514 and not evaluate what might otherwise be treated as an evoked response. For example, even if
the magnitude of the first set of signals exceeds the capture detection threshold, the system will not act as if capture
has been detected.

[0031] In another operation 516, the system can compare the value of the noise counter against a noise prevalence
threshold. The noise prevalence threshold can represent how many times the system detects unacceptable levels of
noise before the current testing procedure is terminated. If the noise counter value exceeds the noise prevalence thresh-
old, then the test, such as an automatic threshold test, can be terminated and a failure notice can be issued in another
operation 518. However, if the noise counter value does not exceed the noise prevalence threshold, then the system
can return to operation 504.

[0032] If, at operation 510, the noise estimate does not exceed an acceptable signal to noise ratio, the system can
proceed with normal evaluation of the evoked response. Optionally, the pace artifact threshold (PAT) can be adjusted
in another operation 520. As described above, the pace artifact threshold (PAT) can be used in some algorithms to
distinguish between loss of capture and fusion beats. Adjusting the PAT can aid in accurately distinguishing between
loss of capture and fusion beats. This is because in many embodiments electrical activity that fails to exceed the PAT
are deemed to be indicative of loss of capture. A noise adjusted pace artifact threshold (NPAT) can be calculated using
the estimated magnitude of noise. The following formula illustrates one specific example of how to calculate NPAT:

b=
3]
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7
%,
53,
[ =
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where X is some percentage, such as 50% as one example. The PAT for the next cycle can be set to the greater of
starting PAT or NPAT. However, the PAT for the next cycle can be limited by the CDT-to-Noise ratio. Then, after adjusting
the pace artifact threshold, the system can return to operation 504.

[0033] FIG. 6 is a flow chart consistent with at least one embodiment of the invention. In a first operation 602, noise
counters can be initialized. In another operation 604, atrial evoked response (AER) samples can be obtained over a
particular time window. In this specific embodiment, 40 AER samples over a 100 ms time window spanning the next
atrial pace can be obtained, for example, -20 ms to +80 ms with atrial pace at 0 ms. However, it will be appreciated that
in other embodiments a different number of samples could be used and/or over a different time window.

[0034] In another operation 606, the samples (representing a first set of signals), can be passed through a 68 Hz
highpass Chebyshev filter in order to isolate out the portion representing frequencies above a particular cutoff. In another
operation 608, a rectified average can be calculated using the last 24 filter results and the crest factor. In another operation
610, the system can optionally calculate a noise estimate using an attack/delay adjustment.

[0035] In another operation 612, the system can evaluate whether or not the noise estimate exceeds a preset limit on
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acceptable signal to noise ratio. If the noise estimate exceeds the acceptable signal to noise ratio, then the system can
declare the samples to represent noise in another operation 614. If the samples have been declared to represent noise,
then the system can increment the noise counter in another operation 616 and not evaluate what would otherwise be
treated as an evoked response.

[0036] In another operation 618, the system can compare the value of the noise counter against a noise prevalence
threshold. For example, the noise prevalence threshold can be equal to five consecutive beats labeled as noise or twenty
five total beats labeled as noise during the testing procedure. However, it will be appreciated that other values can be
used besides five and twenty five. In some embodiments, these values can be set by a clinician. If the noise counter
value exceeds the noise prevalence threshold, then the automatic threshold test can be terminated and a failure notice
can be issued in another operation 620. However, if the noise counter value does not exceed the noise prevalence
threshold, then the system can return to operation 604.

[0037] If, at operation 610, the noise estimate does not exceed an acceptable signal to noise ratio, the system can
proceed with normal evaluation of the evoked response. Optionally, the pace artifact threshold can be adjusted in another
operation 622, such as through the technique described above. In operation 624 the system can evaluate whether the
NPAT is greater than or equal to the limits of the signal to noise ratio. If the NPAT is greater than the signal to noise
ratio, then the automatic threshold test can be terminated and a failure notice can be issued in another operation 620.
However, if not, then the pace artifact threshold can be set to the maximum of PAT or NPAT. Then, after adjusting the
pace artifact threshold, the system can return to operation 604.

[0038] Methods included within the scope herein can be executed by various types of systems. In some embodiments,
methods can be executed by an implantable medical device. In other embodiments, methods can be executed by an
external device that interfaces with an implantable medical device such as a programmer/recorder/monitor device. In
still other embodiments, some method steps can be executed by an implantable medical device while other steps can
be executed by an external device.

[0039] Exemplary external devices, such as programmer/recorder/monitors, can include components common to many
computing devices. Referring now to FIG. 7, a diagram of various components is shown in accordance with some
embodiments of the invention. The external system includes a central processing unit (CPU) 705 or processor circuit,
which may include a conventional microprocessor, random access memory (RAM) 710 for temporary storage of infor-
mation as part of a memory circuit, and read only memory (ROM) 715 for permanent storage of information. A memory
controller 720 is provided for controlling system RAM 710. A bus controller 725 is provided for controlling data bus 730,
and an interrupt controller 735 is used for receiving and processing various interrupt signals from the other system
components.

[0040] In some embodiments mass storage can be provided by diskette drive 741, which is connected to bus 730 by
controller 740, CD-ROM drive 746, which is connected to bus 730 by controller 745, and hard disk drive 751, which is
connected to bus 730 by controller 750. In some embodiments, a USB storage device can be used. User input to the
programmer system may be provided by a number of devices. For example, a keyboard and mouse can connected to
bus 730 by keyboard and mouse controller 755. DMA controller 760 is provided for performing direct memory access
to system RAM 710. A visual display is generated by a video controller 765 or video output, which controls video display
770. The external system can also include a telemetry interface 790 or telemetry circuit which allows the external system
to interface and exchange data with an implantable medical device. This description of elements is only provided by
way of example and it will be appreciated that some embodiments may lack various elements illustrated in FIG. 7. For
example, some embodiments of external devices may lack a diskette drive 741.

[0041] ReferringnowtoFIG. 8, some components of an exemplary implantable device 800 are schematically illustrated.
The implantable medical device 800 can include a controller module 872 coupled to one or more stimulation leads 830
and 828. The controller module 872 can include a microprocessor 848 (or processor circuit) that communicates with a
memory circuit (or module) 846 via a bidirectional data bus. The memory circuit 846 typically includes ROM or RAM for
program storage and RAM for data storage. The controller module 872 can be configured to execute various operations
such as processing of signals and execution of methods as described herein. A telemetry interface 864 is also provided
for communicating with an external unit, such as a programmer device or a patient management system.

[0042] The controller module 872 can include ventricular sensing and pacing channels including sensing amplifier
852, output circuit 854, and a ventricular channel interface 850 which communicates bidirectionally with a port of micro-
processor 848. The ventricular sensing and pacing channel can be in communication with stimulation lead 830 and
electrode 834.

[0043] The controller module 872 can include atrial sensing and pacing channels including sensing amplifier 858,
output circuit 860, and an atrial channel interface 856 which communicates bidirectionally with a port of microprocessor
848. The atrial sensing and pacing channel can be in communication with stimulation lead 828 and electrode 832.
[0044] Foreach channel, the same lead and electrode can be used for both sensing and pacing. The channel interfaces
850 and 856 can include analog-to-digital converters for digitizing sensing signal inputs from the sensing amplifiers and
registers which can be written to by the microprocessor in order to output pulses, change the pacing pulse amplitude,
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and adjust the gain and threshold values for the sensing amplifiers.

[0045] A shock pulse generator 874 can also be interfaced to the microprocessor for delivering defibrillation shocks
to the heart via a separate pair of electrodes 876, 878. In some embodiments, electrodes 876 and 878 can be disposed
along stimulation lead 830 and stimulation lead 828 respectively.

[0046] The controller module 872 can also include an evoked response channel including an evoked response channel
interface 880, evoked response sensing amplifier 881, and electrode 882. The evoked response channel can be used
to gather a first set of electrical signals as included with various embodiments herein. The channel interface 880 can
include various components, such as filters used with embodiments herein.

[0047] Insome embodiments, one or more of these components may be omitted. By way of example, if the implantable
medical device is a pacemaker, then it may not include a shock pulse generator 874. Similarly, depending on the type
of the device and its configuration, it may have a greater or lesser number of electrodes and channels.

[0048] Systemsand methods of managing noise included herein can have many different applications. As one example,
systems and methods included herein can be used in the context of automatic threshold testing, such as right atrial
automatic threshold testing. The goal of atrial automatic threshold testing is to automatically determine atrial pacing
thresholds using evoked response (ER) sensing. The algorithm can monitor the atrial evoked response (AER) signal
following each atrial pacing pulse to determine whether or not the pacing pulse captured the atrium. In some embodiments,
the automatic threshold test can begin by pacing the atrium at a high pacing voltage and then periodically reducing the
pacing voltage until the atrial pacing threshold (the minimum amplitude required to capture the atrium) is found. The
atrial pacing threshold can be the lowest amplitude that does not result in one or more loss of capture events. However,
it will be appreciated that systems and methods included herein can be used in other applications beyond automatic
threshold testing and are thus not limited to that context. For example, systems and methods included herein can be
used in the context of various general automatic testing procedures.

[0049] One of ordinary skill in the art will understand that the modules, circuitry, and methods shown and described
herein with regard to various embodiments of the invention can be implemented using software, hardware, and combi-
nations of software and hardware. As such, the illustrated and/or described modules and circuitry are intended to en-
compass software implementations, hardware implementations, and software and hardware implementations.

[0050] Itis to be understood that the above description is intended to be illustrative, and not restrictive. The scope of
the present subject matter should be determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled.

Claims
1. A method for processing electrical signals obtained from a patient’s heart comprising:

gathering (504) a first set of electrical signals within the patient using an implantable medical device (314), the
first set of electrical signals comprising a set of samples of electrical activity from a discrete sample time window
spanning a pacing event;

filtering (506) the first set of signals to provide a second set of electrical signals, the second set of electrical
signals comprising frequencies above a cutoff frequency;

estimating (508) the amount of noise present in the first set of electrical signals based on the magnitude of the
second set of electrical signals;

discarding (512, 514) the first set of electrical signals if the estimated amount of noise exceeds a noise threshold
value;

adjusting (520) a pace artifact threshold based on the estimated amount of noise if the noise does not exceed
the noise threshold value;

using the adjusted pace artifact threshold (PAT) to distinguish between loss of capture and fusion beats; and
using a capture detection threshold (CDT) to determine if a contraction of a heart chamber of the patient’s heart
has taken place.

2. The method of any of claims 1 or 3-7, wherein one or more of the initial filtered results making up the second set of
electrical signals are not considered in estimating the amount of noise.

3. The method of any of claims 1, 2 or 4-7, further comprising identifying (510) the first set of electrical signals as
indicative of noise if the estimated amount of noise exceeds a threshold value.

4. The method of any of claims 1-3 or 5-7, further comprising incrementing (514) a noise counter if the first set of
electrical signals is identified to be indicative of noise and terminating (516, 518) an automatic threshold testing
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procedure if the noise counter exceeds a predetermined value.

The method of any of claims 1-4 or 6 or 7, wherein filtering the first set of signals is performed with a Chebyshev
high pass filter at 68 Hz.

The method of any of claims 1-5 or 7, the first set of electrical signals comprising a set of samples of atrial myocardial
electrical activity taken over a 100 ms time window.

The method of any of claims 1-6, wherein estimating the amount of noise present in the first set of electrical signals
based on the magnitude of the second set of electrical signals comprises calculating a rectified average value for
the magnitude of the second set of electrical signals.

A medical device comprising:

a processor circuit (848); and

a memory circuit (846) operatively connected to the processor circuit;

the medical device configured to

gather (504) a first set of electrical signals from a patient’s heart, the first set of electrical signals comprising a
set of samples of electrical activity from a discrete sample time window spanning a pacing event;

filter (506) the first set of electrical signals to provide a second set of electrical signals, the second set of electrical
signals including frequencies above a cut off frequency;

estimate (508) the amount of noise present in the first set of electrical signals based on the magnitude of the
second set of electrical signals, wherein one or more of the initial filtered results making up the second set of
electrical signals are excluded from the noise estimate;

discard (512, 514) the first set of electrical signals if the estimated amount of noise exceeds a noise threshold
value;

adjust (520) a pace artifact threshold based on the estimated amount of noise if the estimated amount of noise
does not exceed a noise threshold value;

use the adjusted pace artifact threshold (PAT) to distinguish between loss of capture and fusion beats; and
use a capture detection threshold (CDT) to determine if a contraction of a heart chamber of the patient’s heart
has taken place.

The medical device of any of claims 8 or 10-13, wherein one or more of the initial filtered results making up the
second set of electrical signals are excluded from the noise estimate.

The medical device of any of claims 8, 9 or 11-13, further configured to identify (510, 512) the first set of electrical
signals as indicative of noise if the estimated amount of noise exceeds a threshold value, increment (514) a noise
counter if the first set of electrical signals is identified as indicative of noise and terminate (516, 518) an automatic
threshold testing procedure if the noise counter exceeds a threshold value.

The medical device of any of claims 8-10 or 12-13, further comprising a highpass Chebyshev filter at 68 Hz.

The medical device of any of claims 8-11 or 13, the first set of electrical signals comprising a set of samples of atrial
electrical activity taken over a 100 ms time window.

The medical device of any of claims 8-12, the device further configured to estimate the amount of noise present in
the first set of electrical signals based on the magnitude of the second set of electrical signals comprises calculating
a rectified average value for the magnitude of the second set of electrical signals.

The method of any of claims 1-7, wherein the step of adjusting the pace artifact threshold (PAT) comprises calculating
a noise adjusted pace artifact threshold (NPAT) and setting the pace artifact threshold to the maximum of starting
PAT and NPAT.

The method of claim 15, wherein the step of adjusting the pace artifact threshold (PAT) further comprises evaluating
whether the noise adjusted pace artifact threshold (NPAT) is greater than or equal to the noise threshold, wherein
the pace artifact threshold is set to the maximum of starting PAT and NPAT if NPAT is not greater than the noise
threshold.
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16. The method of any of claims 1-7, 14 or 15, wherein the noise threshold is a capture detection (CDT)-to-noise ratio.
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1. Verfahren zum Verarbeiten elektrischer Signale, die von dem Herzen eines Patienten erhalten wurden, welches

aufweist:

Sammeln (504) eines ersten Satzes von elektrischen Signalen innerhalb des Patienten unter Verwendung einer
implantierbaren medizinischen Vorrichtung (314), wobei der erste Satz von elektrischen Signalen einen Satz
von Abtastungen der elektrischen Aktivitdt aus einem diskreten Abtastzeitfenster, das ein Schrittgabeereignis
Uberspannt, aufweist;

Filtern (506) des ersten Satzes von Signalen, um einen zweiten Satz von elektrischen Signalen zu erhalten,
wobei der zweite Satz von elektrischen Signalen Frequenzen oberhalb einer Grenzfrequenz aufweist;
Schatzen (508) der Starke von Rauschen, das in dem ersten Satz von elektrischen Signalen vorhanden ist, auf
der Grundlage der GréRe des zweiten Satzes von elektrischen Signalen;

Verwerfen (512, 514) des ersten Satzes von elektrischen Signalen, wenn die geschatzte Starke des Rauschens
einen Rauschschwellenwert iberschreitet;

Einstellen (520) eines Schrittgabe-Artefaktschwellenwerts auf der Grundlage der geschatzten Starke des Rau-
schens, wenn das Rauschen den Rauschschwellenwert nicht Gberschreitet;

Verwenden des eingestellten Schrittgabe-Artefaktschwellenwerts (PAT), um zwischen Verlust von Einfangen
und Fusionsschlagen zu unterscheiden; und

Verwenden eines Einfangerfassungs-Schwellenwerts (CDT), um zu bestimmen, ob eine Kontraktion einer Herz-
kammer des Herzens des Patienten stattgefunden hat.

Verfahren nach einem der Anspriiche 1 oder 3 bis 7, bei dem eines oder mehrere der anfanglichen gefilterten
Ergebnisse, die den zweiten Satz von elektrischen Signalen bilden, bei der Schatzung der Starke des Rauschens
nicht bertcksichtigt werden.

Verfahren nach einem der Anspriiche 1, 2 oder 4 bis 7, weiterhin aufweisend das Identifizieren (510) des ersten
Satzes von elektrischen Signalen als Rauschen anzeigend, wenn die geschatzte Starke des Rauschens einen
Schwellenwert liberschreitet.

Verfahren nach einem der Anspriiche 1 bis 3 oder 5 bis 7, weiterhin aufweisend das Inkrementieren (514) eines
Rauschzahlers, wenn der erste Satz von elektrischen Signalen als Rauschen anzeigend identifiziert wird, und das
Beenden (516, 518) eines automatischen Schwellenwert-Priifvorgangs, wenn der Rauschzahler einen vorbestimm-
ten Wert Gberschreitet.

Verfahren nach einem der Anspriiche 1 bis 4 oder 6 oder 7, bei dem das Filtern des ersten Satzes von Signalen
mit einem Tschebyscheff-Hochpassfilter bei 68 Hz durchgefiihrt wird.

Verfahren nach einem der Anspriiche 1 bis 5 oder 7, bei dem der erste Satz von elektrischen Signalen einen Satz
von Abtastungen von atrialer myokardialer elektrischer Aktivitat, die wahrend eines 100 ms-Zeitfensters vorgenom-
men wurden, aufweist,

Verfahren nach einem der Anspriiche 1 bis 6, bei dem das Schatzen der Starke des in dem ersten Satz von
elektrischen Signalen vorhandenen Rauschens auf der Grundlage der Grof3e des zweiten Satzes von elektrischen
Signalen das Berechnen eines gleichgerichteten Durchschnittswerts fiir die Grof3e des zweiten Satzes von elektri-
schen Signalen aufweist.

Medizinische Vorrichtung, welche aufweist:

eine Prozessorschaltung (848); und
eine Speicherschaltung (846), die operativ mit der Prozessorschaltung verbunden ist;

wobei die medizinische Vorrichtung konfiguriert ist zum:

Sammeln (504) eines ersten Satzes von elektrischen Signalen von dem Herzen eines Patienten, wobei der
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erste Satz von elektrischen Signalen einen Satz von Abtastungen der elektrischen Aktivitat aus einem diskreten
Abtastzeitfenster, das ein Schrittgabeereignis Uberspannt, aufweist;

Filtern (506) des ersten Satzes von elektrischen Signalen, um einen zweiten Satz von elektrischen Signalen
zu erhalten, wobei der zweite Satz von elektrischen Signalen Frequenzen oberhalb einer Grenzfrequenz enthalt;
Schatzen (508) der Starke von Rauschen, das in dem ersten Satz von elektrischen Signalen vorhanden ist, auf
der Grundlage der GréRRe des zweiten Satzes von elektrischen Signalen, wobei eines oder mehrere der an-
fanglichen gefilterten Ergebnisse, die den zweiten Satz von elektrischen Signalen bilden, von der Schéatzung
des Rauschens ausgenommen sind;

Verwerfen (512, 514) des ersten Satzes von elektrischen Signalen, wenn die geschéatzte Starke des Rauschens
einen Rauschschwellenwert iberschreitet;

Einstellen (520) eines Schrittgabeartefakt-Schwellenwerts auf der Grundlage der geschéatzten Starke des Rau-
schens, wenn die geschatzte Starke des Rauschens einen Rauschschwellenwert nicht Gberschreitet;
Verwenden des eingestellten Schrittgabeartefakt-Schwellenwerts (PAT), um zwischen Verlust des Einfangens
und Fusionsschlagen zu unterscheiden; und

Verwenden eines Einfangerfassungs-Schwellenwerts (CDT), um zu bestimmen, ob eine Kontraktion einer Herz-
kammer des Herzens des Patienten stattgefunden hat.

Medizinische Vorrichtung nach einem der Anspriiche 8 oder 10 bis 13, bei der eines oder mehrere der anfanglichen
gefilterten Ergebnisse, die den zweiten Satz von elektrischen Signalen bilden, von der Schatzung des Rauschens
ausgeschlossen sind.

Medizinische Vorrichtung nach einem der Anspriiche 8, 9 oder 11 bis 13, die weiterhin konfiguriert ist zum Identifi-
zieren (510, 512) des ersten Satzes von elektrischen Signalen als anzeigend von Rauschen, wenn die geschatzte
Starke des Rauschens einen Schwellenwert Gberschreitet, zum Inkrementieren (514) eines Rauschzahlers, wenn
der erste Satz von elektrischen Signalen als Rauschen anzeigend identifiziert wird, und zum Beenden (515, 518)
eines automatischen Schwellenwert-Priifvorgangs, wenn der Rauschzéhler einen Schwellenwert tGberschreitet.

Medizinische Vorrichtung nach einem der Anspriiche 8 bis 10 oder 12 bis 13, weiterhin aufweisend ein Tschebyscheff-
Hochpassfilter bei 68 Hz,

Medizinische Vorrichtung nach einem der Anspriiche 8 bis 11 oder 13, bei der der erste Satz von elektrischen
Signalen einen Satz von Abtastungen von atrialer elektrischer Aktivitat, der Gber ein 100 ms-Zeitfenster aufgenom-
men wurde, aufweist.

Medizinische Vorrichtung nach einem der Anspriiche 8 bis 12, bei der das Schatzen der Starke des Rauschens,
das in dem ersten Satz von elektrischen Signalen vorhanden ist, auf der Grundlage der GroRRe des zweiten Satzes
von elektrischen Signalen das Berechnen eines gleichgerichteten Durchschnittswerts fir die GréRe des zweiten
Satzes von elektrischen Signalen aufweist.

Verfahren nach einem der Anspriiche 1 bis 7, bei dem der Schritt des Einstellens des Schrittgabeartefakt-Schwel-
lenwerts (PAT) das Berechnen eines eingestellten Schrittgabeartefakt-Rauschschwellenwerts (NPAT) und das Set-
zen des Schrittgabeartefakt-Schwellenwerts auf das Maximum des Startens von PAT und NPAT aufweist.

Verfahren nach Anspruch 14, bei dem der Schritt des Einstellens des Schrittgabeartefakt-Schwellenwerts (PAT)
weiterhin das Evaluieren, ob der eingestellte Schrittgabeartefakt-Rauschschwelienwert (NPAT) gro-Rer als der oder
gleich dem Rauschschwellenwert ist, aufweist, wobei der Schrittgabeartefakt-Schwellenwert auf das Maximum des
startenden PAT und NPAT gesetzt wird, wenn der NPAT nicht gréRer als der Rauschschwellenwert ist.

Verfahren nach einem der Anspriiche 1 bis 7, 14 oder 15, bei dem der Rauschschwellenwert ein Einfangerfas-
sung(CDT)-zu-Rauschen-Verhaltnis ist.

Revendications

1.

Procédé pour traiter des signaux électriques qui sont obtenus a partir du coeur d’un patient, comprenant :

la collecte (504) d’un premier jeu de signaux électriques chez un patient en utilisant un dispositif médical
implantable (314), le premier jeu de signaux électriques comprenant un jeu d’échantillons d’activité électrique
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provenant d’une fenétre temporelle d’échantillons discréte couvrant un événement de stimulation ;

lefiltrage (506) du premier jeu de signaux électriques de maniére a produire un second jeu de signaux électriques,
le second jeu de signaux électriques comprenant des fréquences au-dela d’'une fréquence de coupure ;
I'estimation (508) de la quantité de bruit présent dans le premier jeu de signaux électriques sur la base de la
magnitude du second jeu de signaux électriques ;

la mise a I'écart (512, 514) du premier jeu de signaux électriques si la quantité de bruit estimée excéde une
valeur de seuil de bruit ;

le réglage (520) d’un seuil d’artefact de stimulation sur la base de la quantité de bruit estimée si le bruit n’excede
pas la valeur de seuil de bruit ;

l'utilisation du seuil d’artefact de stimulation réglé (PAT) de maniére a effectuer un distinguo entre une perte
de capture et des battements de fusion ; et

I'utilisation d’un seuil de détection de capture (CDT) de maniere a déterminer si une contraction d’'une chambre
du coeur du coeur du patient s’est produite.

Procédé selon I'une quelconque des revendications 1 ou 3 a 7, dans lequel un ou plusieurs des résultats filtrés
initiaux qui constituent le second jeu de signaux électriques n’est/ne sont pas considéré(s) lors de I'estimation de
la quantité de bruit.

Procédé selon I'une quelconque des revendications 1, 2 ou 4 a 7, comprenant en outre I'identification (510) du
premier jeu de signaux électriques comme étant indicatif de bruit si la quantité de bruit estimée excéde une valeur
de seuil.

Procédé selon 'une quelconque des revendications 1 a 3 ou 5 a 7, comprenant en outre I'incrémentation (514) d’'un
compteur de bruit si le premier jeu de signaux électriques est identifié comme étant indicatif de bruit et le fait de
mettre fin (516, 518) a une procédure de test de seuil automatique si le compteur de bruit excede une valeur
prédéterminée.

Procédé selon I'une quelconque des revendications 1 a 4 ou 6 ou 7, dans lequel le filtrage du premier jeu de signaux
électriques est effectué a I'aide d’un filtre passe-haut de Chebyshev a 68 Hz.

Procédé selon 'une quelconque des revendications 1 a 5 ou 7, le premier jeu de signaux électriques comprenant
un jeu d’échantillons de I'activité électrique myocardiale de I'oreillette considérée sur une fenétre temporelle de 100
millisecondes.

Procédé selon I'une quelconque des revendications 1 a 6, dans lequel I'estimation de la quantité de bruit présent
dans le premier jeu de signaux électriques sur la base de la magnitude du second jeu de signaux électriques
comprend le calcul d’'une valeur moyenne rectifiée pour la magnitude du second jeu de signaux électriques.

Dispositif médical comprenant :

un circuit de processeur (848) ; et
un circuit de mémoire (846) connecté en fonctionnement au circuit de processeur,

le dispositif médical étant configuré de maniére a :

collecter (504) un premier jeu de signaux électriques a partir du coeur d’un patient, le premier jeu de signaux
électriques comprenant un jeu d’échantillons d’activité électrique provenant d’'une fenétre temporelle d’échan-
tillons discréte couvrant un événement de stimulation ;

filtrer (506) le premier jeu de signaux électriques de maniére a produire un second jeu de signaux électriques,
le second jeu de signaux électriques incluant des fréquences au-dela d’'une fréquence de coupure ;

estimer (508) la quantité de bruit présent dans le premier jeu de signaux électriques sur la base de la magnitude
du second jeu de signaux électriques, dans lequel un ou plusieurs des résultats filtrés initiaux constituant le
second jeu de signaux électriques est/sont exclus de I'estimation de bruit ;

mettre a I'écart (512, 514) le premier jeu de signaux électriques si la quantité de bruit estimée excéde une valeur
de seuil de bruit ;

régler (520) un seuil d’'artefact de stimulation sur la base de la quantité de bruit estimée si la quantité de bruit
estimée n’excéde pas la valeur de seuil de bruit ;

utiliser le seuil d’artefact de stimulation réglé (PAT) de maniére a effectuer un distinguo entre une perte de

1"



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

EP 2 442 865 B1

capture et des battements de fusion ; et
utiliser un seuil de détection de capture (CDT) de maniére a déterminer si une contraction d’'une chambre du
coeur du coeur du patient s’est produite.

Dispositif médical selon 'une quelconque des revendications 8 ou 10 a 13, dans lequel un ou plusieurs des résultats
filtrés initiaux qui constituent le second jeu de signaux électriques est/sont exclus de I'estimation de bruit.

Dispositif médical selon I'une quelconque des revendications 8, 9 ou 11 a 13, configuré en outre de maniére a
identifier (510, 512) le premier jeu de signaux électriques comme étant indicatif de bruit si la quantité de bruit estimée
excéde une valeur de seuil, de maniére a incrémenter (514) un compteur de bruit si le premier jeu de signaux
électriques est identifi€ comme étant indicatif de bruit et de maniére a mettre fin a une procédure de test de seuil
automatique si le compteur de bruit excéde une valeur de seuil.

Dispositif médical selon I'une quelconque des revendications 8 a 10 ou 12 a 13, comprenant en outre un filtre de
Chebyshev passe-haut a 68 Hz.

Dispositif médical selon I'une quelconque des revendications 8 a 11 ou 13. le premier jeu de signaux électriques
comprenant un jeu d’échantillons de I'activité électrique de I'oreillette considérée sur une fenétre temporelle de 100
millisecondes.

Dispositif médical selon I'une quelconque des revendications 8 a 12, le dispositif qui est en outre configuré de
maniére a estimer la quantité de bruit présent dans le premier jeu de signaux électriques sur la base de la magnitude
du second jeu de signaux électriques comprend le calcul d’'une valeur moyenne rectifiée pour 'amplitude du second
jeu de signaux électriques.

Procédé selon I'une quelconque des revendications 1 a 7, dans lequel I'étape de réglage du seuil d’artefact de
stimulation (PAT) comprend le calcul d’un seuil d’artefact de stimulation réglé en termes de bruit (NPAT) et I'éta-
blissement du seuil d’artefact de stimulation au maximum de PAT et NPAT de départ.

Procédé selon la revendication 15, dans lequel I'étape de réglage du seuil d’artefact de stimulation (PAT) comprend
en outre I'’évaluation de si oui ou non le seuil d’artefact de stimulation réglé en termes de bruit (NPAT) est supérieur
ou égal au seuil de bruit, dans lequel le seuil d’artefact de stimulation est établi au maximum de PAT et NPAT de
départ si NPAT n’est pas supérieur au seuil de bruit.

Procédé selon I'une quelconque des revendications 1 a 7, 14 ou 15, dans lequel le seuil de bruit est un rapport
détection de capture (CDT) sur bruit.

12
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